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 The increasing popularity of fish keeping in aquariums and the need for 

electronic equipment to maintain an optimal environment. This article 

focuses on monitoring water purity to ensure fish health and longevity, 

addressing the issue of water pollution caused by chemicals and waste 

produced by fish. Solutions such as mechanical and biological filters are 

explored, highlighting the use of the mechanical filter composed of zeolite, 

ceramic rings, and activated carbon, which work to remove solid particles, 

toxic compounds, and pollutants from the aquarium water. The article 

presents the implementation of a mechanical filter controlled by a 

PIC18F4550 microcontroller using a pH sensor. The results indicate the 

stability of the pH of the water in the established range of 6.5 to 7.5, with a 

maximum error of 3% at the upper limit of the range and no error below the 

established lower limit. It is concluded that the system effectively maintains 

the desired levels and ensures the fish's health. A technological solution for 

monitoring and controlling water quality is presented, recognizing the 

possibility of improvements in aquaculture. 

Keywords: 

Aquarium  

Control 

Filter  

Microcontroller  

Power of hydrogen 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Ernesto Paiva-Peredo 

Department of Electrical Engineering, Faculty of Engineering, Universidad Tecnológica del Perú  

Calle Natalio Sánchez N°125, Urb. Santa Beatriz, Cercado de Lima, Lima, Peru 

Email: c22395@utp.edu.pe 

 

 

1. INTRODUCTION 

The breeding of fish in aquariums has become very popular [1]. Currently, electronic equipment is 

required for proper fish farming [2], as these are equipped with systems that monitor temperature [3] and 

purity level [2], [3]. All this is to maintain the health of the fish in optimal conditions [4], [5]. When fish are 

subjected to an aquarium, it must be similar to their natural environment since this favors their well-being 

and longevity [2], [6], [7]. It is also necessary to consider the group or family they belong to since each 

species has a different type of habitat [8]. Therefore, the guarantee of a good quality of life for these marine 

species lies in prioritizing temperature [6], [8], food [9], and water purity [2]. 

Contaminated water is one of the problems detrimental to proper fish breeding, as it contains 

chemicals that prevent proper survival [7], [10]. Therefore, the importance of continuous inspection of the 

purity level [2], [3], [11] to combat toxic chemicals originating from fish is emphasized [7]. The power of 

Hydrogen (pH) level is one of the most essential requirements for maintaining an optimal environment for 

fish [2]. In addition, the pH for most freshwater fish is maintained in the range of 6.5 to 7.5; however, this 

can be altered due to breeding depending on the type of fish [2]. Therefore, mechanical filters [12] and 

biological filters [4] are the most effective methods to avoid such imbalance [4]. 

Fish excretion is often constant, causing persistent variation in the purity level of the fish tank [3], 

[7], [10]. Likewise, plants have an impact on water quality by being part of a biological filter to neutralize 
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water [10]–[12], as they absorb harmful compounds excreted by living organisms and food wastes, 

converting them into oxygen and increasing their size [4], [12], [13]. Chlorella is also mentioned for 

wastewater treatment, which is safe for fish, as it does not affect their immune system [14]. In addition, 

reference is made to the increased use of zeolite as an aquarium filter, which has become a significant trend 

in modern aquaculture due to its ability to maintain a clean and healthy aquatic environment without 

compromising fish health [15]. 

On the other hand, mechanical filters are crucial in keeping solid particles and debris from the water 

clean [16]. Certain filters use ceramic ring structures that provide a large surface area conducive to the growth 

of beneficial bacteria. These bacteria play a crucial role in the nitrogen cycle by transforming harmful 

compounds, such as ammonia and nitrites, into less harmful forms, such as nitrates [17]. In addition, other filters 

employ activated carbon due to its ability to absorb organic elements, chemical compounds, and specific 

contaminants in the water. This action contributes to eliminating impurities, foul odors, and dissolved organic 

wastes [18], [19]. 

On the other hand, the difficulty lies in that fish are susceptible to even small amounts of harmful 

substances originating from their feces [10], [14]. If the pH level is not controlled, this can cause fish death [2], [3]. 

Currently, many automated systems are using a microcontroller as the main memory for water monitoring [1], [2], 

[5], [20]–[25], although very few are dedicated to pH control [2], [7], [26]. Most research in this field has focused 

on the regulation of water movement and circulation in aquarium tanks [3], [9], [16], [20], [22], [27]. 

In summary, a mechanical filter composed of zeolite, ceramic rings, and activated carbon is 

implemented under the precise control of an analog-to-digital converter (ADC) of a microcontroller. The device 

collects data indicating variations in the water purity level in an aquarium and uses this information for filtration 

according to specific pH conditions. The main objective of this system is to maintain stability in the purity level 

of the aquatic environment, which is essential for fish farming. 

 

 

2. METHOD  

2.1.  Material 

The experiments were carried out in an aquarium designed specifically for domestic environments. 

This aquarium is notable for its compact size, small space, and stylized circuitry design, as shown in  

Figure 1. We used a pH-7BNC sensor, which evaluates the purity of water by measuring its acidity level. 

Generally, we aim to maintain a range of between 6.5 and 7.5 at most [2]. 

In addition, we incorporate a 16×2 liquid crystal display (LCD) model LM016L, which is 

responsible for presenting data in a 16-character format distributed in 2 lines on its screen. We used a 

PIC18F4550 microcontroller, a programmable chip that integrates a processing unit, memory, and 

input/output ports for electronics and control applications. Also, two 12 V water pumps were implemented to 

maintain a constant flow, together with two 12 V solenoid valves that allow the control of the water flow in 

the aquarium. 

 

 

 
 

Figure 1. Operating diagram fluid direction black lines and broken lines circuit connection 
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2.2.  Operation 

The aquarium system has several key components, all supervised by a PIC18F4450 microcontroller. 

A purification process is activated when the water level reaches its maximum capacity. Before starting, the 

system checks if the pH sensor has exceeded the 7.5 threshold. If affirmative, the microcontroller sends a 

signal to pump 1 and solenoid valve 1, activating them to allow water flow to the filter, as shown in Figure 1. 

Once the water passes through the mechanical filter, composed of three layers (zeolite, ceramic rings, and 

activated carbon), pump 2 and solenoid valve 2 continue the flow of the water circulating through the filter, 

directing it back into the aquarium. This process will continue until the pH reaches 6.5 to 7.5; if it remains 

within this range, the pumps, solenoid valves, and filtration system will automatically stop. The pH values 

are displayed on the LCD screen, making it easy to observe the monitoring to keep the fish in a healthy 

environment. In addition, in Figure 1, the location of each component can be seen, with black dotted lines 

representing the wiring and black lines indicating the aquarium piping. 

On the other hand, Figure 2 shows the logic of the algorithm with which the project operates. At 

startup, the system first verifies whether the pH level is within the established range, which goes from  

6.5 to 7.5, according to the information obtained from the pH sensor. The pumps and solenoid valves are 

activated if the pH is not within this range. This action directs the water flow from the aquarium to the filter 

and back into the aquarium, thus initiating a recirculation process. This cycle continues until the pH value 

reaches the set range. Recirculation is not activated if the pH is already within the set range. 

 

 

 
 

Figure 2. Aquarium water filtration and recirculation process flow chart 

 

 

3. RESULTS AND DISCUSSION  

Calibration of the pH sensor includes cleaning the electrode and immersing it in known solutions, 

adjusting the zero to pH 7.00 and the slope to pH 4.01 to ensure accurate measurements. After calibrating the 

sensor, we conducted tests by immersing it in the aquarium. We observed stability in the measurements 

during the first two days, as shown in Figure 3. However, we noticed increased pH by the third day due to 

fish activity. As the days passed, the action of the filtration system caused variations and a subsequent 

decrease in pH. 
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The test results indicate that the pH level of the water varies every two days. These variations are 

due to the range established by the sensor, which measures values within this range. Only when the values 

exceed 7.5 is the filtering process activated to control and monitor the pH, thus allowing water recirculation 

through the filter. Figure 3 analyzes the behavior of the values detected by the sensor on different days. It is 

observed that the blue line gradually adjusts to the desired range, with limits set at 7.5 as maximum and 6.5 

as minimum. Although occasionally the values exceed the maximum limit due to organic waste generated by 

the fish, they never drop below the minimum value thanks to the action of the mechanical filter, as illustrated 

in Figure 3. 

 

 

 
 

Figure 3. pH variation graph in the established range 

 

 

In other articles, the facet to consider is that, upon initiating the control system, within 10 seconds, 

the pH level is lowered from 8.92 to 7.37 (within the accepted range of 6.5 to 7.5 pH). However, during the 

following 10 seconds, the pH sensor reading experiences an abrupt decrease, reaching a pH of 5.71, which 

leads to excessive acidity in the aquarium water [2]. In other words, the research above shows a maximum 

margin of error of 15.73% and a minimum margin of 12.15%. On the contrary, in our study, an error of 

3.84% is recorded, thus exceeding the maximum limit established, which is 7.8 pH. In addition, the minimum 

limit does not register an error percentage since it does not fall below the value of 6.5 pH. 

From a focal perspective, the focus is monitoring acidity levels, specifically pH and ammonia 

values, by implementing internet of things (IoT) technologies. The designated range for these measurements 

is set at 6.5 to 7.5 pH, where a light-emitting diode (LED) light signal is set when these limits are exceeded. 

This methodology demonstrates an accuracy of up to 100%. However, it is essential to note that the present 

investigation focuses exclusively on evaluating water acidity levels in the aquarium environment [28]. On the 

other hand, in our research, we evaluated pH levels and stabilized them within the established range by 

filtration. We used our recirculation system to prolong the use of aquarium water. 

 

 

4. CONCLUSION  

The article comprehensively addresses the challenges and solutions associated with aquarium fish 

farming, highlighting the importance of maintaining optimal conditions to ensure fish health and longevity. 

The implemented system, which combines a pH sensor, a microcontroller, and a mechanical filter, has 

proven to be. Effective in maintaining water pH levels within a desired range. This achievement is 

accomplished by increasing water recirculation through the mechanical filter only when pH values deviate 

from the set range. The system provides a solution to ensure the health and well-being of the fish by 

maintaining an optimal aquatic environment. It is also noted that the maximum pH level reached is 7.8, 

surpassing the upper limit of 7.5 (representing a 3.84% variation), and no minimum limit is recorded, as it 

does not drop below 6.5 pH, all thanks to the filtration process that prevents the imbalance of acidity and 

alkalinity levels. 
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Several areas of research and improvement can be identified for future studies. Optimization of the 

filtration system is one of them, where methods can be developed to improve filtration efficiency by 

considering different types of mechanical and biological filters. Adaptability to different fish species is also 

crucial; how the system responds to different species and their specific needs in terms of pH must be 

analyzed. In addition, validation in different environments is necessary: test the system in diverse aquatic 

environments, such as larger aquariums or commercial aquaculture environments. These suggestions for 

future research can contribute to advancing technology used in aquarium fish farming. This would improve 

fish health and welfare while optimizing the management of controlled aquatic environments. 

 

 

REFERENCES 
[1] K. L. Tsai, L. W. Chen, L. J. Yang, H. Shiu, and H. W. Chen, “IoT-based smart aquaculture system with automatic aerating and 

water quality monitoring,” Journal of Internet Technology, vol. 23, no. 1, pp. 177–184, 2022, doi: 
10.53106/160792642022012301018. 

[2] F. Budiman, M. Rivai, and M. A. Nugroho, “Monitoring and control system for ammonia and pH levels for fish cultivation 

implemented on Raspberry Pi 3B,” in Proceedings - 2019 International Seminar on Intelligent Technology and Its Application, 
2019, pp. 68–73, doi: 10.1109/ISITIA.2019.8937217. 

[3] Khairunisa, Mardeni, and Y. Irawan, “Smart aquarium design using raspberry Pi and android based,” Journal of Robotics and 

Control (JRC), vol. 2, no. 5, pp. 368–372, 2021, doi: 10.18196/jrc.25109. 
[4] A. E. Sharif, I. J. Namin, and Z. Ramezanpoure, “The effect of media biofilter and aquatic plant (Ceratophyllum demersum) on 

water quality of recirculating aquaculture systems, growth and survival rates of ornamental fishes,” Iranian Journal of Fisheries 
Sciences, vol. 21, no. 2, pp. 422–430, 2022, doi: 10.22092/ijfs.2022.126393. 

[5] L. K. S. Tolentino et al., “Development of an IoT-based intensive aquaculture monitoring system with automatic water 

correction,” International Journal of Computing and Digital Systems, vol. 10, no. 1, pp. 1355–1365, 2021, doi: 
10.12785/ijcds/1001120. 

[6] J. Macedo, E. Díaz, R. Gutiérrez, and W. Marín, “Efficient and low-cost temperature automated system for aquariums in fry 

hatcheries using control algorithms,” Revista de Ciencias Sociales, vol. 29, no. 1, pp. 35–46, 2023, doi: 
10.31876/rcs.v29i1.39762. 

[7] D. Stachowiak and P. Hemmerling, “Development of an automatic water exchange system for smart freshwater aquarium,” 

Electronics, vol. 11, no. 17, Aug. 2022, doi: 10.3390/electronics11172705. 
[8] S. Gonen, T. J. Benfey, and A. F. Garber, “The genomic architecture of high temperature tolerance in a year class of Atlantic 

Salmon,” Aquaculture, vol. 578, Jan. 2024, doi: 10.1016/j.aquaculture.2023.740020. 

[9] A. M. El Shal, F. M. El Sheikh, and A. M. Elsbaay, “Design and fabrication of an automatic fish feeder prototype suits tilapia 

tanks,” Fishes, vol. 6, no. 4, 2021, doi: 10.3390/fishes6040074. 

[10] D. Deswati, E. Yani, S. Safni, O. Norita Tetra, and H. Pardi, “Development methods in aquaponics systems using biofloc to 

improve water quality (ammonia, nitrite, nitrate) and growth of tilapia and samhong mustard,” International Journal of 
Environmental Analytical Chemistry, vol. 102, no. 19, pp. 7824–7834, 2022, doi: 10.1080/03067319.2020.1839437. 

[11] W. Kang et al., “Development of a scalable electrochemical filter for removing nitrate from recirculating aquaculture saltwater,” 

Journal of Cleaner Production, vol. 391, Mar. 2023, doi: 10.1016/j.jclepro.2023.136069. 
[12] T. A. Babatunde, K. Ibrahim, B. Abdulkarim, N. H. Wagini, and S. A. Usman, “Co-production and biomass yield of amaranthus 

(Amaranthus hybridus) and tilapia (Oreochromis niloticus) in gravel-based substrate filter aquaponic,” International Journal of 

Recycling of Organic Waste in Agriculture, vol. 8, no. S1, pp. 255–261, Dec. 2019, doi: 10.1007/s40093-019-00297-5. 
[13] A. Rahmawati, M. Dailami, and F. E. Supriatin, “The performance of water quality in tilapia pond using Dutch bucket and deep 

flow technique,” Egyptian Journal of Aquatic Biology and Fisheries, vol. 25, no. 1, pp. 885–897, 2021, doi: 

10.21608/EJABF.2021.156606. 
[14] S. M. Aly, N. I. ElBanna, and M. Fathi, “Chlorella in aquaculture: challenges, opportunities, and disease prevention for 

sustainable development,” Aquaculture International, vol. 32, no. 2, pp. 1559–1586, 2024, doi: 10.1007/s10499-023-01229-x. 

[15] K. Skleničková, D. Koloušek, M. Pečenka, D. Vejmelková, M. Šlouf, and I. Růžičková, “Application of zeolite filters in fish 
breeding recirculation systems and their effect on nitrifying bacteria,” Aquaculture, vol. 516, 2020, doi: 

10.1016/j.aquaculture.2019.734605. 

[16] A. Estim, S. Saufie, and S. Mustafa, “Water quality remediation using aquaponics sub-systems as biological and mechanical 
filters in aquaculture,” Journal of Water Process Engineering, vol. 30, 2019, doi: 10.1016/j.jwpe.2018.02.001. 

[17] M. N. A. M. Roslan, A. Estim, B. A. Venmathi Maran, and S. Mustafa, “Effects of aquatic plants on nutrient concentration in 

water and growth performance of fantail goldfish in an aquaculture system,” Sustainability, vol. 13, no. 20, Oct. 2021, doi: 
10.3390/su132011236. 

[18] R. Omar, S. B. Mahat, M. K. Muhamad Saufi, and M. I. Aida Isma, “Ammonia conversion in an aquaponics system using 

activated carbon-coated and non-coated bioball in the biological treatment tank,” 2023, doi: 10.1016/j.matpr.2023.03.678. 
[19] R. Xiao et al., “A review on the research status and development trend of equipment in water treatment processes of recirculating 

aquaculture systems,” Reviews in Aquaculture, vol. 11, no. 3, pp. 863–895, 2019, doi: 10.1111/raq.12270. 

[20] M. J. M. Autos et al., “Automated aquaponics system and water quality monitoring with SMS notification for tilapia industry,” in 
2020 IEEE REGION 10 CONFERENCE (TENCON), Nov. 2020, pp. 367–372, doi: 10.1109/TENCON50793.2020.9293868. 

[21] M. Abdurohman, A. G. Putrada, and M. M. Deris, “A robust internet of things-based aquarium control system using decision tree 

regression algorithm,” IEEE Access, vol. 10, pp. 56937–56951, 2022, doi: 10.1109/ACCESS.2022.3177225. 
[22] W. T. Sung, S. C. Tasi, and S. J. Hsiao, “Aquarium monitoring system based on internet of things,” Intelligent Automation and 

Soft Computing, vol. 32, no. 3, pp. 1649–1666, 2022, doi: 10.32604/IASC.2022.022501. 

[23] T. Liu, J. Liu, J. Wang, and J. Xu, “Optimization of the intelligent sensing model for environmental information in aquaculture 
waters based on the 5G smart sensor network,” Journal of Sensors, vol. 2022, 2022, doi: 10.1155/2022/6409046. 

[24] B. J. Kim and K. J. Shin, “Development of smart fish farming system based on IoT using wasted warm water energy,” Journal of 

Institute of Control, Robotics and Systems, vol. 24, no. 2, pp. 155–163, 2018, doi: 10.5302/J.ICROS.2018.17.0214. 
[25] E. A. Paiva Peredo, L. E. Marquez, R. J. Villarreal, and J. Palomino, “Control of a drinking water quality monitoring and 

pumping system,” 2023, doi: 10.18687/LACCEI2023.1.1.606. 
[26] K. M. McLean, A. L. Pasulka, and E. E. Bockmon, “A low-cost, accessible, and high-performing Arduino-based seawater pH 



                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 14, No. 6, December 2024: 6265-6270 

6270 

control system for biological applications,” HardwareX, vol. 10, Oct. 2021, doi: 10.1016/j.ohx.2021.e00247. 

[27] J. Q. Henry, M. P. Lesoway, and K. J. Perry, “An automated aquatic rack system for rearing marine invertebrates,” BMC Biology, 
vol. 18, no. 1, Dec. 2020, doi: 10.1186/s12915-020-00772-w. 

[28] A. F. Daru, F. W. Christanto, and V. Vydia, “Internet of things-based water pH level monitoring for arowana cultivation,” IOP 

Conference Series: Earth and Environmental Science, vol. 1177, no. 1, 2023, doi: 10.1088/1755-1315/1177/1/012004. 

 

 

BIOGRAPHIES OF AUTHORS  

 

 

Fabio Garcia     young student of mechatronics engineering, passionate about 

technology and eager to learn and grow as a professional, contributing to the company my 

knowledge and acquiring new ones along the way. He also has knowledge of PLC, industrial 

networks, AutoCAD and Autodesk inventor, intermediate English and Microsoft Office. He 

can be contacted at email: U17304959@utp.edu.pe. 

  

 

Daniel Martel     young student of mechatronic engineering who is studying the 

ninth cycle. He is passionate about technology and is eager to learn and grow as a professional, 

contributing his knowledge to the company and acquiring new ones along the way. 

Additionally, he has skills in PLC, industrial networks, AutoCAD and Autodesk inventor. He 

has an intermediate level of English and skills in using Microsoft Office. He can be contacted 

at email: U17302943@utp.edu.pe. 

  

 

Ernesto Paiva-Peredo     graduated as an electrical mechanical engineer from the 

Universidad de Piura in Peru in 2013. He pursued further studies and obtained a master's 

degree in electrical mechanical engineering with a specialization in automation and 

optimization, which was supported by CONCYTEC and awarded by the Universidad de Piura 

in 2016. During his academic journey, he served as a research assistant at the Department of 

Technology and Innovation (DTI) at SUPSI. Presently, he holds the position of a  

professor-researcher at the Universidad Tecnológica del Perú. He can be contacted at email: 

c22395@utp.edu.pe. 

 

https://orcid.org/0009-0009-7173-5462
https://orcid.org/0009-0008-4013-2848
https://orcid.org/0000-0002-9780-3218
https://scholar.google.com/citations?user=-ymKynwAAAAJ&hl
https://www.scopus.com/authid/detail.uri?authorId=57189048455

